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(54)
AND DEVICE

(57)  Amethod and apparatus for planning the trajec-
tory of a vehicle, a computer readable storage medium,
an electronic device, and a computer program product,
which belong to the technical field of autonomous driving.
The method for planning the trajectory of a vehicle com-
prises: acquiring an initial reference trajectory of a target
vehicle in a target planning duration, the initial reference
trajectory comprising an initial status quantity and initial
control quantity of the target vehicle at at least one loca-
tion point in the target planning duration; acquiring a ref-
erence lane trajectory; according to a geometric con-
straint condition and a dynamics constraint condition, us-
ing the reference lane trajectory and the initial status
quantity and initial control quantity of the target vehicle
at the at least one location point to determine a trajectory
cost for the target vehicle, the dynamics constraint con-
dition comprising any one or any combination of energy
loss, an acceleration constraint, and an angular velocity
constraint; and according to the trajectory cost for the
target vehicle, adjusting the initial reference trajectory of
the target vehicle to a target driving trajectory.

METHOD AND APPARATUS FORPLANNING TRAJECTORY OF VEHICLE, STORAGE MEDIUM,
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planning duration, the initial reference trajectory including an initial
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geometric constraint and a dynamic constraint by using the reference
lane trajectory and the initial state variable and the initial control
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Adjust the initial reference trajectory of the target vehicle to a target
travelling trajectory according to the trajectory cost of the target
vehicle
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Description
RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 202110019580.9, entitled "METHOD, APPA-
RATUS, STORAGE MEDIUM, AND DEVICE FOR PLANNING VEHICLE TRAJECTORY" filed with the China National
Intellectual Property Administration, PRC on January 07, 2021, which is incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] The present disclosure relates to the technical field of autonomous driving, and in particular, to a method, an
apparatus, a storage medium, and a device for planning a vehicle trajectory.

BACKGROUND OF THE DISCLOSURE

[0003] As an important application of artificial intelligence, the autonomous driving technology has made significant
advances in recent years. The goal of the autonomous driving is to realize that a vehicle autonomously advances along
a road in an unmanned state, ensure the safety of the vehicle while reaching a destination as soon as possible, and
also ensure no direct or indirect threat posed to the safety of other traffic participants.

[0004] To achieve the foregoing goal, autonomous driving software requires a plurality of key systems, one of which
is a trajectory planning system. Trajectory planning is intended to plan a trajectory that meets requirements for vehicle
dynamics. The trajectory is required to be able to avoid surrounding obstacles (a vehicle, a pedestrian, a static obstacle,
and the like) and conform to the instructions of the decision layer (keeping a lane, changing lanes, and pulling over).

SUMMARY
[0005] An embodiment of the present disclosure provides a vehicle trajectory planning method, including:

acquiring an initial reference trajectory of a target vehicle within a target planning duration, the initial reference
trajectory including an initial state variable and an initial control variable of the target vehicle at least one position
point within the target planning duration;

acquiring a reference lane trajectory;

determining a trajectory cost of the target vehicle according to a geometric constraint and a dynamics constraint for
the target vehicle by using the reference lane trajectory and the initial state variable and the initial control variable
of the target vehicle at the at least one position point, the dynamics constraint including at least one of an energy
loss, an acceleration constraint, or an angular speed constraint; and

controllingadjusting the initial reference trajectory of the target vehicle to a target travelling trajectory according to
the trajectory cost of the target vehicle.

[0006] An embodiment of the present disclosure provides a vehicle trajectory planning apparatus, including:

an acquisition unit, configured to acquire an initial reference trajectory of a target vehicle within a target planning
duration, the initial reference trajectory including an initial state variable and an initial control variable of the target
vehicle at least one position point within the target planning duration;

the acquisition unit being further configured to acquire a reference lane trajectory;

a cost unit, configured to determine a trajectory cost of the target vehicle according to a geometric constraint and
a dynamics constraint for the target vehicle by using the reference lane trajectory and the initial state variable and
the initial control variable of the target vehicle at the at least one position point, the dynamics constraint including
at least one of an energy loss, an acceleration constraint, or an angular speed constraint; and

an adjustment unit, configured to controlthe initial reference trajectory of the target vehicle to a target travelling
trajectory according to the trajectory cost of the target vehicle.
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[0007] An embodiment of the present disclosure further provides a computer-readable storage medium, storing a
computer program, the computer program, when executed by a processor, implementing the vehicle trajectory planning
method provided in the embodiments of the present disclosure.

[0008] An embodiment of the present disclosure further provides an electronic device, including a memory and a
processor, the memory storing a computer program executable on the processor, the computer program, when executed
by the processor, causing the processor toimplement the vehicle trajectory planning method provided in the embodiments
of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] To describe the technical solutions in the embodiments of the present disclosure more clearly, the following
briefly introduces the accompanying drawings required for describing the embodiments. Apparently, the accompanying
drawings in the following description show merely some embodiments of the present disclosure, and a person of ordinary
skill in the art may still derive other drawings from these accompanying drawings without creative efforts.

FIG. 1 is a schematic diagram of a system architecture of a vehicle trajectory planning method according to an
embodiment of the present disclosure.

FIG. 2 is a schematic structural diagram of an autonomous driving system according to an embodiment of the present
disclosure.

FIG. 3 is a flowchart of a vehicle trajectory planning method according to an embodiment of the present disclosure.

FIG. 4 is a schematic diagram of a reference point of a planned trajectory according to an embodiment of the present
disclosure.

FIG. 5is a schematic diagram of single trajectory optimization according to an embodiment of the present disclosure.

FIG. 6 is a schematic flowchart of a vehicle trajectory planning method according to a specific embodiment of the
present disclosure.

FIG. 7 is a schematic structural diagram of a vehicle trajectory planning apparatus according to an embodiment of
the present disclosure.

FIG. 8is a schematic structural diagram of an electronic device according to an embodiment of the present disclosure.
DESCRIPTION OF EMBODIMENTS

[0010] To make the objectives, technical solutions, and advantages of the present disclosure clearer, the following
further describes the present disclosure in detail with reference to the accompanying drawings. Apparently, the described
embodiments are merely a part rather than all the embodiments of the present disclosure. Based on the embodiments
in the present disclosure, all other embodiments obtained by a person skilled in the art without paying any creative efforts
all fall within the protection scope of the present disclosure.

[0011] Asusedherein, theterm"exemplary" means "used as an example, embodiment, orillustrative." Any embodiment
described as "exemplary" is not necessarily explained as being superior or better than other embodiments.

[0012] The terms "first" and "second" in this specification are used for descriptive purposes only and are not to be
construed as indicating or implying relative importance or implicitly indicating the number of technical features indicated.
Therefore, a feature defined to be "first" or "second" may explicitly or implicitly include one or more features. In the
description of the embodiments of the present disclosure, unless otherwise stated, "a plurality of" refers to two or more.
[0013] In the following, some terms in the embodiments of the present disclosure are described for ease of under-
standing by a person skilled in the art.

[0014] Autonomous driving: The autonomous driving means being capable of providing instructions and decisions for
a vehicle traveling task without a need of a physical driving operation of a test driver and performing a control behavior
as the test driver to complete a safe traveling function of a vehicle.

[0015] Autonomous driving system: The autonomous driving system includes different levels of systems thatimplement
autonomous driving functions of a vehicle, such as an assisted driving system (L2), a high-speed autonomous driving
system requiring human supervision (L3), and a highly/fully autonomous driving system (L4/L5).

[0016] Trajectory planning: The trajectory planning is intended to calculate a smooth trajectory through an initial state
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(including a start position, a speed, and an acceleration) and a target state (including a target position, a speed, and an
acceleration) of the vehicle that are given, an obstacle position, and constraints on dynamics and comfort, so that the
vehicle can reach a target state along this trajectory. The trajectory planning includes path planning and speed planning.
The path planning is responsible for calculating a smooth path from a start position to a target position, while the speed
planning is responsible for calculating a speed at each path point on the basis of this path, thereby forming a speed curve.
[0017] A metamethod, thatis, a trajectory planning mode, is a basic method for resolving trajectory planning problems.
In the metamethod, segmentation into smaller cells is not allowed. Invoking the metamethod once means outputting a
trajectory from the start position to the target position, and a complete trajectory of the vehicle from a start position to a
destination position is connected by trajectories outputted by continuously invoking different metamethods/a same met-
amethod.

[0018] Ground coordinate system: The ground coordinate system is a coordinate system fixed to a surface of the
earth. An OX axis is any direction pointing to a ground plane. An OZ axis is vertically upward, and an OY axis is
perpendicular to a plane formed by the OZ axis, so as to form a right-handed coordinate system. The coordinate system
may be regarded as an inertial coordinate system when the earth rotation and the curvilinear motion of the center of
mass of the earth are ignored.

[0019] A Frenet coordinate system is also referred to as a road coordinate system. A start position of the vehicle is
used as the origin, coordinate axes are perpendicular to each other and are divided into an s-axis direction (that is, a
tangential direction along a road reference line, referred to as a transverse direction) and an l-axis direction (that is, a
current normal direction of the reference line, referred to as a longitudinal direction), and coordinates are expressed as
(s, I).

[0020] In arectangular coordinate system, the start position of the vehicle is used as the origin, coordinate axes are
perpendicular to each other and are divided into an x direction and a y direction, and coordinates are expressed as (X, y).
[0021] Leading vehicle: The leading vehicle is a closest environment vehicle in a target lane that appears (is about to
appear) in front of the vehicle during travelling of an autonomous driving vehicle.

[0022] Reinforcement learning (RL): The RL belongs to a field in machine learning, which emphasizes how to act
based on the environment to maximize expected benefits and is widely applied to motion control. The RL is essentially
a control algorithm. In most contexts, RL means a model-free RL algorithm, and model-dependent control methods such
as a linear quadratic regulator (LQR) and MPC are classified as model-based RL, for which the assumption is that
dynamic characteristics of the environment are known. The model-based RL is often considered to have higher sample
utilization efficiency.

[0023] The following further describes the present disclosure in detail in combination with the accompanying drawings
and specific embodiments.

[0024] There are many related schemes for trajectory optimization, for example, a trajectory smoothing algorithm using
a polynomial curve on a 2D plane based on geometric information, a trajectory search algorithm for seeking a shortest
feasible path, an optimal trajectory sampling method, and a trajectory optimizer that handles a complex nonlinear con-
straint based on sequential quadratic programming (SQP) or an interior point optimizer (Ipopt).

[0025] The foregoing trajectory smoothing methods based on geometric information often can be used for dealing
with only the planning problem of a spatial trajectory, and are not suitable for dealing with the problem of speed planning.
In addition, the obtained planned trajectory is often not smooth enough, and an additional smoothing algorithm is required
to be designed. Such methods often can be used for dealing with only constraints with respect to road geometries and
vehicle geometries, and are difficult to deal with complex nonlinear and dynamically changing constraints, such as a
dynamics constraint. That is to say, such methods do not have the ability to optimize dynamic changes, and have low
stability and safety when applicable to an autonomous driving vehicle. An algorithm based on sampling and optimization
can be used for dealing with problems of trajectory and speed planning in a complex scenario, but is not flexible enough
in design, and the solving efficiency of a computing platform often limits the wide use of the algorithm. In the foregoing
solutions, either the complex nonlinear problem is difficult to deal with, or the solving efficiency is insufficient. Therefore,
the solutions cannot satisfy cost control requirements.

[0026] In order to resolve the technical problems in the related art, embodiments of the present disclosure provide a
method, an apparatus, an electronic device, and a storage medium for planning a vehicle trajectory. The embodiments
of the present disclosure relate to artificial intelligence (Al) and machine learning (ML) technologies, and are designed
based on the autonomous driving technology and the machine learning in Al.

[0027] Artificial intelligence (Al) is a theory, method, technology, and application system that uses a digital computer
or a machine controlled by the digital computer to simulate, extend, and expand human intelligence, perceive an envi-
ronment, acquire knowledge, and use knowledge to obtain an optimal result. In other words, Al is a comprehensive
technology in computer science and attempts to understand the essence of intelligence and produce a new intelligent
machine that can react in a manner similar to human intelligence. Al is to study design principles and implementation
methods of various intelligent machines, so that the machines have the functions of perception, reasoning, and decision-
making.
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[0028] Al technology is a comprehensive discipline, covering a wide range of fields including both a hardware-level
technology and a software-level technology. Basic Al technologies generally include technologies such as sensors,
dedicated Al chips, cloud computing, distributed storage, big data processing technologies, operating/interaction sys-
tems, and mechatronics. Basic Al technologies generally include technologies such as sensors, dedicated Al chips,
cloud computing, distributed storage, big data processing technologies, operating/interaction systems, and mechatronics.
[0029] Autonomous driving technologies usually include high-precision maps, environment perception, behavior de-
cision-making, path planning, motion control, and other technologies. Self-determined driving technology has a wide
range of application prospects.

[0030] With the research and progress of the Al technology, the Al technology is studied and applied in a plurality of
fields such as a common smart home, a smart wearable device, a virtual assistant, a smart speaker, smart marketing,
unmanned driving, autonomous driving, an unmanned aerial vehicle, a robot, smart medical care, and smart customer
service. It is believed that with the development of technologies, the Al technology will be applied to more fields, and
play an increasingly important role.

[0031] ML is a multi-field interdisciplinary subject involving the probability theory, statistics, the approximation theory,
convex analysis, the algorithm complexity theory, and the like. ML specializes in studying how a computer simulates or
implements a human learning behavior to acquire new knowledge or skills, and reorganize an existing knowledge
structure, so as to keep improving its performance. The ML is the core of the Al, is a basic way to make the computer
intelligent, and is applied to various fields of Al. ML and DL usually comprise technologies such as artificial neural
network, belief network, reinforcement learning, transfer learning, and inductive learning.

[0032] The embodiments of the present disclosure adopt a trajectory optimization method to comprehensively deal
with the problems of path planning and speed planning. Constraints with respect to road geometries and vehicle ge-
ometries are considered, and the dynamics constraintincludes an energy loss, an acceleration constraint, and an angular
speed constraint of a target vehicle, that is, feasibility of the vehicle trajectory planning under the dynamics constraint
is considered. Therefore, the embodiments of the present disclosure are better adapted to the complex nonlinear and
dynamically changing dynamics constraint during travelling of the vehicle, thereby improving the safety and stability of
autonomous driving.

[0033] The vehicle trajectory planning method provided in this embodiment of the present disclosure may be applicable
to various autonomous driving vehicles. The autonomous driving vehicle includes autonomous driving systems at L2,
L3, L4 and above levels, and is mainly applicable to a scenario of lane keeping and automatically adapts to unevenness,
curvature changes, and the like of a lane line ahead for which sensing is weak, so as to improve the stability and comfort
of the autonomous driving. In this embodiment of the present disclosure, it is assumed that a target vehicle speed of the
target vehicle may be acquired from an upstream module, and that the upstream module may adapt to different scenarios
(car following, lane changing, and the like) by adjusting the target vehicle speed. Therefore, the method for processing
a dynamic obstacle is not discussed in this embodiment of the present disclosure.

[0034] An application scenario of the vehicle trajectory planning method provided in this embodiment of the present
disclosure may be shown in FIG. 1.

[0035] FIG. 1 shows a schematic diagram of an application scenario of a vehicle trajectory planning system according
to an embodiment of the present disclosure. The application scenario includes a satellite 11, a base station 12, a server
13, and an autonomous driving vehicle 14.

[0036] The autonomous driving vehicle 14 is equipped with an onboard terminal device. The onboard terminal device
may be an electronic device such as a smart phone, a tablet computer, a portable computer, or a computer, on which
an autonomous driving system of this embodiment of the present disclosure is installed, so as to implement the vehicle
trajectory planning method provided in this embodiment of the present disclosure.

[0037] Certainly, a vehicle travelling trajectory may also be planned by the server 13, and the planned vehicle travelling
trajectory is transmitted to the onboard terminal device in the autonomous driving vehicle 14 through the satellite 11 and
the base station 12, so as to control the autonomous driving vehicle 14 to drive according to the planned vehicle travelling
trajectory.

[0038] In some embodiments, when the server 13 shown in FIG. 1 is physically deployed, the server 13 may be
deployed as an independent service device, or the server 13 may be deployed as a cluster device composed of a plurality
of service devices, which is not limited in this embodiment of the present disclosure.

[0039] An autonomous driving system 100 in the foregoing application scenario is shown in FIG. 2, including an
environment sensing system 200, a driving planning system 300, and a vehicle control system 600. It may be understood
that the foregoing systems included in the autonomous driving system 100 may also be referred to as subsystems or
modules in some embodiments, which are to be described below.

[0040] The environment sensing system 200 is configured to sense environment information, including a position, a
speed, and an orientation of an obstacle in the environment and classified objects (such as a vehicle, a pedestrian, and
a bicycle). In some embodiments, a state (including a speed, an acceleration, and a direction) of the vehicle may further
be perceived, or a high-precision map of a real-time position of the vehicle may be acquired from the satellite 11in FIG. 1.
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[0041] A decision system 400 in the driving planning system 300 is configured to perform prediction on the perceived
obstacles according to the environment information, a target position, an objective physical law, the obstacles, a sur-
rounding environment, and accumulated historical data knowledge, so as to make macroscopic decisions, thereby
ensuring the vehicle to smoothly reach a target state.

[0042] In some embodiments, decisions made by the decision system 400 include road selection, lane selection, a
reference vehicle speed, whether to normally follow obstacles (such as people, vehicles, and the like) on a road, whether
to bypass obstacles (such as people, vehicles, and the like), whether to stop, whether to wait to give way when encoun-
tering traffic lights and pedestrians, whether to pass by other vehicles at intersections, and the like.

[0043] A trajectory planning system 500 in the driving planning system 300 is configured to plan an ideal trajectory
according to the environment sensing information and decisions made by the decision system 400, including selecting
path points passed by a trajectory and a speed, an orientation, and an acceleration of a vehicle when reaching each
path point. The path points maintain continuity in time and space, and parameters such as the speed, the orientation,
and the acceleration of each path point all fall within an actual operable physical range of the vehicle.

[0044] The vehicle control system 600 is configured to receive a trajectory planned by the trajectory planning system
500, perform a dynamical calculation in combination with attributes of a vehicle body and external physical factors,
convert a result of the calculation to vehicle control parameters such as a throttle amount, a brake amount, a steering
wheel signal, and the like for electronic control of the vehicle, and perform operations according to the parameters, so
as to control the vehicle to achieve trajectory points in the trajectory.

[0045] An exemplary application implementing the autonomous driving system of this embodiment of the present
disclosure is to be still described.

[0046] In some embodiments, various subsystems in the autonomous driving system 100 shown in FIG. 2 may be
packaged as a whole. For example, autonomous driving software may be deployed in various possible devices. For
example, a subsystem is deployed in a terminal device such as an onboard terminal and a user terminal (including a
smart phone and a tablet computer). The terminal device controls the autonomous driving vehicle 14 in FIG. 1 through
wireless or wired communication with the vehicle, to implement an autonomous driving function of the autonomous
driving vehicle 14. In another example, a subsystem is deployed in the server 13 in FIG. 1, and the server 13 controls
the autonomous driving vehicle 14 through wireless communication between the base station 12 and the autonomous
driving vehicle 14 in various manners, thereby implementing the autonomous driving function of the autonomous driving
vehicle 14.

[0047] In some other embodiments, each subsystem in the autonomous driving system 100 shown in FIG. 1 may be
packaged in a form of independent software, module, or plug-in and deployed in the foregoing device, or coupled with
the autonomous driving software and autonomous navigation software pre-deployed in the foregoing device, toimplement
the autonomous driving function or some subfunctions of the autonomous driving function, such as trajectory planning.
[0048] The foregoing application scenario is illustrated merely for ease of understanding of the principles of the present
disclosure, and the embodiments of the presentdisclosure are not limited in this aspect. On the contrary, the embodiments
of the present disclosure can be applied to any applicable scenario.

[0049] FIG. 3 shows a flowchart of a vehicle trajectory planning method according to an embodiment of the present
disclosure. As shown in FIG. 3, the method is performed by an onboard terminal device, and includes the following steps.
[0050] Step S301: Acquire an initial reference trajectory of a target vehicle within a target planning duration, the initial
reference trajectory including an initial state variable and an initial control variable of the target vehicle at least one
position point within the target planning duration.

[0051] The target vehicle is an autonomous driving vehicle, and the target planning duration is a preset duration. For
example, if the duration is set to 5 seconds and a quantity of planning steps is set to 20, each time step is dt = T/N =
0.25 seconds. The time step herein is a duration between sampled position points.

[0052] In a specific implementation process, state variables include a position, a speed, an orientation angle, and the
like, and control variables include an acceleration, an angular speed, and the like. In this embodiment of the present
disclosure, the target vehicle is sampled according to a set time step within the target planning duration, and the initial
state variable and the initial control variable of each position point are acquired. The position, the speed, the orientation,
and the like are combined into a state vector, the acceleration and the angular speed are combined into a corresponding
control vector, and the initial state variable and the initial control variable of each interval are further connected to form
the initial reference trajectory.

[0053] Forexample, a duration of 5s is equally divided into 20 intervals of 0.25s, and each interval is sampled, so that
a state of the target vehicle in each interval (including the position, the speed, the acceleration, and the like) can be
obtained. The sampling herein may be sampling at the start of each interval, or sampling at an end of each interval, or
sampling at a middle time point in each interval, as long as positions for sampling between different intervals remain
consistent. For a same time point, the position, the speed, and the orientation are combined into an initial state vector,
and the acceleration and the angular speed are combined into an initial control vector.

[0054] Step S302: Acquire a reference lane trajectory.
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[0055] In a specific implementation process, the reference lane trajectory may be determined according to a start
position and a target position of the target vehicle. Since a scenario where an obstacle exists is not considered in this
embodiment of the present disclosure, a motor vehicle lane may be randomly selected on a path between the start
position and the target position, or a suitable motor vehicle lane may be selected according to a position of the lane on
the path. Generally, a centerline of the motor vehicle lane is used as the reference lane trajectory. Certainly, a sideline
of the lane may also be used as the reference lane trajectory, which is not limited in this embodiment of the present
disclosure.

[0056] Step S303: Determine a trajectory cost of the target vehicle according to a geometric constraint and a dynamics
constraint for the target vehicle by using the reference lane trajectory and the initial state variable and the initial control
variable of the target vehicle at the at least one position point.

[0057] The dynamics constraintincludes atleastone of an energy loss, an acceleration constraint, or an angular speed
constraint.

[0058] In the specific implementation process, after the reference lane trajectory is determined, the trajectory cost of
the target vehicle may be determined according to each parameter of the reference lane trajectory. Specifically, corre-
sponding geometric constraints and dynamics constraints are preset. The geometric constraints are constraints with
respect to road geometries and vehicle geometries for the target vehicle, which may include a position constraint, a
vehicle speed constraint, a heading angle constraint, and the like. In this way, the geometric constraint ensures that the
target vehicle may travel from an origin to a destination according to a set path, and are properly applicable to lane keeping.
[0059] The dynamics constraints are constraints with respect to speed planning and dynamics for the target vehicle,
which may include an energy loss, an acceleration constraint, an angular speed constraint, and the like, and may be
properly applicable to complex nonlinear and dynamically changing driving scenarios, such as turning and lane changing,
which can improve the stability and comfort of autonomous driving.

[0060] Step S304: control the initial reference trajectory of the target vehicle to a target travelling trajectory according
to the trajectory cost of the target vehicle.

[0061] In the specific implementation process, a reinforcement learning algorithm may be used for optimizing a tra-
jectory according to the trajectory cost of the target vehicle by adjusting the initial reference trajectory of the target vehicle.
The optimized trajectory is used as a new reference trajectory, and a plurality of iterations are performed until an iteration
number reaches a threshold or the trajectory cost converges, so as to acquire the final optimized trajectory, which is the
target travelling trajectory of the target vehicle.

[0062] The foregoing process is a trajectory optimization scheme of the target vehicle within a target planning duration.
In order to guide the target vehicle to travel from the origin to the destination, the trajectories of the target vehicle within
a plurality of target planning durations are required to be optimized. In the specific implementation process, the state
variable and the control variable of the target vehicle at any position point except a first position point within a first target
planning duration, that is, the state variable and the control variable in a first target travelling trajectory, may be used as
the initial state variable and the initial control variable of the first position point within a second target planning duration,
so as to obtain a target travelling trajectory of the target vehicle within the second target planning duration. Further, the
state variable and the control variable of the target vehicle at any position point except a first position point within a
second target planning duration, that is, the state variable and the control variable in a second target travelling trajectory,
are used as the initial state variable and the initial control variable of the first position point within a third target planning
duration, so as to obtain a target travelling trajectory of the target vehicle within the third target planning duration. By
analogy, subsequent target travelling trajectories may be generated in sequence.

[0063] Inthis way, after a series of target driving trajectories of the target vehicle are connected, a continuous trajectory
of the target vehicle from the start position to the target position may be formed. The target vehicle is guided to travel
from the start position to the target position, so as to control the target vehicle to travel according to the target travelling
trajectory.

[0064] In this embodiment of the present disclosure, the reference lane trajectory is acquired, and the initial reference
trajectory of the target vehicle within the target planning duration is acquired. The initial reference trajectory includes an
initial state variable and an initial control variable of the target vehicle at least one position point within the target planning
duration. The trajectory cost of the target vehicle is determined according to a geometric constraint and a dynamics
constraint by using the reference lane trajectory and the initial state variable and the initial control variable of the target
vehicle at the at least one position point. The dynamics constraint includes at least one of an energy loss, an acceleration
constraint, or an angular speed constraint. The initial reference trajectory of the target vehicle is adjusted to a target
travelling trajectory according to the trajectory cost of the target vehicle. In this embodiment of the present disclosure,
after the reference lane trajectory and the initial reference trajectory of the target vehicle are acquired, an optimizer index
function is set based on the geometric constraint and the dynamics constraint, and the trajectory cost of the target vehicle
is determined by using the reference lane trajectory and the initial state variable and the initial control variable of the
target vehicle, so as to comprehensively deal with the problems of driving path planning and speed planning. Constraints
with respect to road geometries and vehicle geometries are considered, and the dynamics constraint includes an energy
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loss, an acceleration constraint, and an angular speed constraint of a target vehicle, that is, feasibility of the vehicle
trajectory planning under the dynamics constraint is considered. Therefore, the embodiments of the present disclosure
are more adapted to the complex nonlinear and dynamically changing dynamics constraint during travelling of the vehicle,
thereby improving the safety and stability of autonomous driving.

[0065] Further, in this embodiment of the present disclosure, the trajectory cost at each position point is determined
according to the geometric constraint and the dynamics constraint. Step 303 of determining a trajectory cost of the target
vehicle according to a geometric constraint and a dynamics constraint by using the reference lane trajectory and the
initial state variable and the initial control variable of the target vehicle includes:

determining a geometric cost function sub-term of the target vehicle at each position point within the target planning
duration according to the reference lane trajectory, the initial state variable of the target vehicle, and the geometric
constraint; determining a dynamics cost function sub-term of the target vehicle at the position point according to the
initial state variable and the initial control variable of the target vehicle and the dynamics constraint; and

determining the trajectory cost of the target vehicle within the target planning duration according to at least one of
the geometric cost function sub-term of each position point or the dynamics cost function sub-term of each position
point within the target planning duration.

[0066] The geometric constraints are constraints with respect to road geometries and vehicle geometries for the target
vehicle, which may include a position constraint, a vehicle speed constraint, a heading angle constraint, and the like. In
this way, the geometric constraint ensures that the target vehicle may travel from an origin to a destination according to
a set path, and are properly applicable to lane keeping.

[0067] The dynamics constraints are constraints with respect to speed planning and dynamics for the target vehicle,
which may include an energy loss, an acceleration constraint, an angular speed constraint, and the like, and may be
properly applicable to complex nonlinear and dynamically changing driving scenarios, such as turning and lane changing,
which canimprove the stability and comfort of autonomous driving, and also greatly improves the safety of the autonomous
driving.

[0068] In this embodiment of the present disclosure, for each position point within the target planning duration, the
geometric cost function sub-term and the dynamics cost function sub-term of the target vehicle are determined. Therefore,
the trajectory cost of the target vehicle is obtained by weighting all geometric cost function sub-terms and all dynamics
cost function sub-terms of the target vehicle within the target planning duration.

[0069] In this embodiment of the present disclosure, for the trajectory planning of the target vehicle, a dynamic model
of the system is established and a key constraint and a cost function are designed, and finally an algorithm of an iterative
linear quadratic regulator (iLQR) is used for solving the trajectory planning problem.

[0070] In the specific implementation process, the trajectory optimization algorithm of the iLQR is used for optimizing
the trajectory of the target vehicle. The iLQR continuously optimizes an object function of the trajectory by iteratively
using an LQR to obtain an optimal solution or a suboptimal solution that satisfies the constraint. The iLQR is suitable
for dealing with complex problems of a nonlinear system, a nonlinear constraint, and a nonlinear object function. The
purpose of simplifying and efficiently solving the complex nonlinear problem is achieved by locally linearizing the system
and performing quadratic processing on the constraint and the object function.

[0071] Mathematically, the iLQR is generally configured to solve discrete-time finite-domain trajectory planning prob-
lems, which may be expressed by using the following equation:

N-1

X = argin /o w = i+ 3 e
s.t. Xps1 = f{Xg, U,
X0 = Xstarts
and glxr, up) <0,
glew) <0, k=0,1,--,N-1. (Formula 1)

Xy is a system state vector of a kth step from a current moment, g, is @ planned system state at a current moment, uy
is a system control vector of a kth step from a current moment, € and ¢f respectively represent a process cost and a final
value cost, and g and df respectively represent a process constraint and a final value constraint. An optimization vector
is defined as x = [x4 -, xy]and u =[uy, -, un_4], f(xy, uy) is @ dynamic equation expressing a state change of a discrete
system, and N is a maximum step number in the trajectory planning. For example, the N may be set to any integer from
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10 to 20.

[0072] For ease of description, system parameters in the trajectory planning process in this embodiment of the present
disclosure are first described.

[0073] A state vector x = [pX,p¥,v, ¥]T of the target vehicle and a control vector u = [a,r]T are set, and a system dynamic
equation is described by using the following equation:

Piiq = P+ Vi * cosy dt,
piﬂ = pz + v *siny = dt,
Uk+1 = Uk + ag x dt,

Yia1 = Wi+ re*dt, (Formula 2)

pX, pY is coordinates of the target vehicle in the ground coordinate system, v represents a speed, y is an orientation
angle (yaw), a and r respectively represent an acceleration and an angular speed, and k represents a step number within
the target planning duration. If it is assumed that the target planning duration is T = 5 seconds and a number of planned
steps is N = 20, each time step is equal to dt = T/N = 0.25 seconds.

[0074] The core of an RL algorithm is the design of a cost function. Since the iLQR algorithm cannot directly deal with
the constraint function, constraint information is generally required to be converted to a cost function (a soft constraint),
and the cost function is designed to meet the constraint. Each geometric cost function sub-term and each dynamics cost
function sub-term in this embodiment of the present disclosure are specifically described below. It is to be understood
thatthe geometric cost function sub-term and the dynamics cost function sub-terms below are examples without limitation.
The trajectory cost of the target vehicle may be a weighted value of some of the following cost function sub-terms, or
may be a weighted value of all of the cost function sub-terms.

[0075] In some embodiments, the determining a geometric cost function sub-term of the target vehicle at the position
point according to the reference lane trajectory, the initial state variable of the target vehicle, and the geometric constraint
includes:

determining a vehicle speed cost function sub-term of the target vehicle at the position point according to a target
vehicle speed and a current vehicle speed of the target vehicle;

determining a reference trajectory deviation cost function sub-term of the target vehicle at the position point according
to a current state variable of the target vehicle and a state variable on a reference trajectory ata current moment; and

determining a reference lane deviation cost function sub-term of the target vehicle at the position point according
to the reference lane trajectory and current position coordinates of the target vehicle.

[0076] In the specific implementation process, the geometric cost function sub-term includes the vehicle speed cost
function sub-term, the reference trajectory deviation cost function sub-term, and the reference lane deviation cost function
sub-term.

[0077] The vehicle speed cost function sub-term is configured to control the vehicle speed of the target vehicle. For
example, different paths correspond to different speed limits, and the vehicle speed of the target vehicle is required to
be limited below a maximum speed limit of a driving lane without considering interference. In another example, in a car-
following scenario, the vehicle speed of the target vehicle may be limited according to the speed of the leading vehicle
and a following distance. In some embodiments, the determining a vehicle speed cost function sub-term of the target
vehicle at the position point according to a target vehicle speed and a current vehicle speed of the target vehicle includes:

calculating a difference between the target vehicle speed and the current vehicle speed; and

calculating the vehicle speed cost function sub-term of the target vehicle at the position point by using a vehicle
speed cost function weight and the difference between the target vehicle speed and the current vehicle speed.

[0078] The specific vehicle speed cost function sub-term is shown in the following equation:

£y = Wy % (V= Viarger)® (Formula 3)

€, represents the vehicle speed cost function sub-term, w, represents a weight corresponding to the vehicle speed cost
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function sub-term, v represents the current vehicle speed of the target vehicle, and vi, 4 represents the target vehicle
speed, which may be provided by an upstream decision module, or may be designed according to the speed of the
leading vehicle, the following distance, and the lane speed limit. An adjustment to w4 mainly affects the amplitude of
acceleration and deceleration of the target vehicle.

[0079] The reference trajectory deviation cost function sub-term is configured to control a deviation error from the
reference trajectory, which is essentially to adjust a search range of the algorithm around the reference trajectory. As
shown in FIG. 4, an area inside dashed lines in the figure is the search range of the algorithm. Generally, a larger weight
of the reference trajectory deviation cost function sub-term leads to a smaller search range.

[0080] In some embodiments, the determining a reference trajectory deviation cost function sub-term of the target
vehicle at the position point according to a current state variable of the target vehicle and a state variable on a reference
trajectory at a current moment includes:

calculating a difference between the current state variable of the target vehicle and the state variable on the reference
trajectory at the current moment; and

calculating a reference trajectory deviation cost function sub-term of the target vehicle at the position point by using
a reference trajectory deviation cost function weight and the difference between the current state variable of the
target vehicle and the state variable on the reference trajectory at the current moment;

[0081] Specifically, the reference trajectory deviation cost function sub-term is shown in the following equation:

¢ W * (X — Xrer) Q2 (X — Xper) (Formula 4)

Xref

{y.¢ 'epresents the reference trajectory deviation cost function sub-term, w, represents the weight of the reference
trajectory deviation cost function sub-term, Q2 is a coefficient, x represents the current state variable of the target vehicle,
and X, represents the state variable on the reference trajectory at the current moment. w, and Q, are designed, which
is essentially to adjust the search range of the iLQR around the reference trajectory.

[0082] Thereference lane deviation costfunction sub-termis configured to control the deviation error from the reference
lane trajectory. As shown in FIG. 4, a point P and a point Z in the figure are points on the reference trajectory of the
target vehicle, a point P’ is a reference point of the point P on the reference lane trajectory, and a point Z’ is a reference
point of the point Z on the reference lane trajectory. The reference lane deviation cost function sub-term is configured
to control a distance between the point P and the point P’ a distance between the point Z and the point Z'.

[0083] In some embodiments, the determining a reference lane deviation cost function sub-term of the target vehicle
at the position point according to the reference lane trajectory and current position coordinates of the target vehicle
includes:

determining reference position coordinates of the target vehicle, a reference position of the target vehicle being a
position on the reference lane trajectory corresponding to a current position of the target vehicle; and

calculating the reference lane deviation cost function sub-term of the target vehicle at the position point by using a
reference lane deviation cost function weight and the current position coordinates and the reference position coor-
dinates of the target vehicle.

[0084] Specifically, the reference lane deviation cost function sub-term is shown in the following equation:

gcenter = Wy (CX - Mref)TQA(CX - Mref) (FormUIa 5)

€.onter represents the reference lane deviation cost function sub-term, w, represents the weight of the reference lane
deviation cost function sub-term, Q4 is a coefficient, and M, represents a reference point of a trajectory point (pX, pY)
on the road coordinate system (a Frenet coordinate system), that is, a point closest to (pX,pY) on a centerline of the lane.

1 00 O

C can be a matrix ¢ [0 10 0! inthe Frenet coordinate system, an s axis naturally extends along a direction
of a road reference line (for example, a road centerline y), which implies the change in a road direction, while coordinates
of an | axis may represent a distance from the road reference line.

[0085] In this embodiment of the present disclosure, the amplitude of the acceleration and deceleration of the target
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vehicle may be adjusted by determining the geometric cost function sub-term of the target vehicle at each position point,
and a relatively smooth vehicle trajectory can be planned for the target vehicle, so as to realize the stable, comfortable,
and safe travelling of the target vehicle under different road conditions.

[0086] In some embodiments, the determining a dynamics cost function sub-term of the target vehicle at the position
point according to the initial state variable and the initial control variable of the target vehicle and the dynamics constraint
includes:

determining an energy loss cost function sub-term of the target vehicle at the position point according to a current
control variable of the target vehicle;

determining an acceleration cost function sub-term of the target vehicle at the position point according to an accel-
eration constraint and a current acceleration of the target vehicle; and

determining an angular speed cost function sub-term of the target vehicle at the position point according to an
angular speed constraint and a current angular speed of the target vehicle.

[0087] In the specific implementation process, the dynamics cost function sub-term includes an energy loss cost
function sub-term, an acceleration cost function sub-term, and an angular speed cost function sub-term.

[0088] The energy loss cost function sub-term is configured to control the trajectory smoothness of the target vehicle,
and the current control variable of the target vehicle includes the current acceleration and the current angular speed of
the target vehicle. The determining an energy loss cost function sub-term of the target vehicle at the position point
according to the current control variable of the target vehicle includes:

[0089] calculating the energy loss cost function sub-term of the target vehicle at the position point by using an energy
loss cost function weight and the current acceleration and the current angular speed of the target vehicle.

[0090] Specifically, the energy loss cost function sub-term is shown in the following equation:

£, = w3 * uRzu (Formula 6)

¢, represents the energy loss cost function sub-term, wj represents the weight of the energy loss cost function sub-
term, R, is a coefficient, and the designed w4 and R directly affect the smoothness of the trajectory and the smoothness
of the control signal. Generally, wy and R5 are designed as relatively large values to increase the smoothness of the
trajectory.

[0091] The acceleration cost function sub-term is configured to control the acceleration of the target vehicle. The
determining an acceleration cost function sub-term of the target vehicle at the position point according to an acceleration
constraint and a current acceleration of the target vehicle includes:

determining a maximum acceleration and a minimum acceleration; and

determining the acceleration cost function sub-term of the target vehicle at the position point according to a difference
between the maximum acceleration and the current acceleration of the target vehicle, a difference between the
current acceleration of the target vehicle and the minimum acceleration, and the acceleration constraint.

[0092] Since the acceleration constraint is a,,;, < @ < @y, 8min @nd a,,, being respectively a minimum design
acceleration and a maximum design acceleration, the acceleration cost function sub-term is set as shown in the following
equation:

{gaccl = q1€xp (42 * (DU — apax)) (Formula 7)

Cacez = q1€Xp (qz * (amax - Du))

€..c1 and €40 represent acceleration cost function sub-terms, g4 and g, represent coefficients of the acceleration cost
function sub-terms, and D = [1 0].

[0093] The angular speed cost function sub-term is configured to control a yaw speed of the target vehicle. The
determining an angular speed cost function sub-term of the target vehicle at the position point according to an angular
speed constraint and a current angular speed of the target vehicle includes:

determining a maximum angular speed and a minimum angular speed according to a road adhesion coefficient; and
determining the angular speed cost function sub-term of the target vehicle at the position point according to a
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difference between the maximum angular speed and the current angular speed of the target vehicle, a difference
between the current angular speed of the target vehicle and the minimum angular speed, and the angular speed
constraint.

[0094] Since the yaw speed constraint is ., <1 < ry.., fmin and r,,, being respectively a minimum design angular
velocity and a maximum design angular velocity, the angular speed cost function sub-term is set as shown in the following
equation:

{fm = qsexp (qz * (Eu —Imax)) (Formula 8)

tp = q1€xXp (qz * (rmax - Eu))

€. and €, represent angular speed cost function sub-terms, g, and q, represent coefficients of the angular speed cost
function sub-terms, and E = [0 1]. Since values of r;, and r,,,, affect the feasibility of the planned trajectory, in this

embodiment of the present disclosure, r,;;, and r,,,, are set as follows:

= ay,
{ Fmax = @ tim /V (Formula 9)

Fmin = _aylim/v

Y, is a set maximum lateral acceleration. Assuming that the road adhesion coefficient is ., a¥};;, may be designed as

iy = {max (0 M2g?% — apax2 0.1g) if pug > ayax

0.1g otherwise , g being a gravitational acceleration that is a con-
stant, and o being a designable coefficient.
[0095] In this embodiment of the present disclosure, the stability of the dynamic trajectory planning can be improved
by determining the dynamics cost function sub-term of the target vehicle at each position point, so that the problems of
the feasibility and safety of the planned vehicle trajectory under the dynamics constraint are solved, and the target vehicle
can travel stably, comfortably, and safely under different road conditions.
[0096] In the foregoing process, the geometric cost function sub-term and the dynamics cost function sub-term are
set. In this embodiment of the present disclosure, the trajectory cost of the target vehicle within the target planning
duration is determined according to all of the geometric cost function sub-terms and all of the dynamics cost function
sub-terms within the target planning duration. The trajectory cost function is a weighted value of all sub-terms. For details,
reference may be made to the following equation:

=4, + €y  +Ly+Ceenter T Lacct T faccz +€r1 + €2 (Formula 10)

Xref

€ represents a trajectory cost function, and each term on the right of the equation is a cost function sub-term.

[0097] Preferably, the cost function sub-term includes a corresponding cost function weight, the cost function weight
being a time-varying parameter corresponding to a position point within the target planning duration.

[0098] Generally, with an increased planning distance and the weakened environment sensing ability, the correspond-
ing cost function becomes less important. Weights (e.g., wy, -, w,) may be designed as the time-varying parameter,
such as wy = 1000 = exp(-0.5 * k * dt), k being a currently planned step number (0 < k < N), and dt being a time step.
Such time-varying weights are beneficial to enhance the stability of trajectory planning and reduce the interference of
unreliable information.

[0099] Further, afinal value error is further required to be set in the trajectory cost function to ensure the validity of an
end state of the planned trajectory. The determining the trajectory cost of the target vehicle within the target planning
duration according to at least one of the geometric cost function sub-term of each position point or the dynamics cost
function sub-term of each position point within the target planning duration further includes:

determining a final step error sub-term of the target vehicle within the target planning duration according to a target
state of the target vehicle and an initial state variable of the target vehicle at a last position point within the target

planning duration; and

determining the trajectory cost of the target vehicle within the target planning duration according to the geometric
cost function sub-term of each position point and the dynamics cost function sub-term of each position point within
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the target planning duration and the final step error sub-term.

[0100] The final step error sub-term herein may also be referred to as the final value error sub-term, which is configured
to ensure that the validity of the end state of the vehicle trajectory is enhanced. By determining the final step error sub-
term within the target planning duration, the correctness of the speed and the direction of the target vehicle in the end
state of the planned vehicle trajectory can be ensured, thereby ensuring the safe driving of the target vehicle.

[0101] Inthe specificimplementation process, since the speed and the direction in the end state are relatively important,
the final step error sub-term in this embodiment of the present disclosure is as follows:

gf = Wy * (XN - Xtarget)TQj (XN - Xtar'get) (FormUIa ll)

¢f represents the final step error sub-term, w-, represents the weight of the final step error sub-term, xy represents the
state variable of the target vehicle in an Nth step, that is, at a last position point within the target planning duration, and
Xiarget F€Presents the target state.

[0102] Therefore, after the final step error sub-term is considered, the trajectory cost function in this embodiment of
the present disclosure is as follows:

=4, + 4.+t Leenter T Pacct T Paccz T fr1 + 42 + ¢f (Formula 12)

[0103] In this way, the modeling for optimization problems is completed, and the optimization problems can be solved
by using the RL algorithm. In this embodiment of the present disclosure, the iLQR algorithm is used for solving. In this
case, the adjusting the initial reference trajectory of the target vehicle to a target travelling trajectory according to the
trajectory cost of the target vehicle includes:

reversely calculating an optimal control rate of each position point starting from a last position point within the target
planning duration according to the trajectory cost;

successively adjusting the state variable and the control variable of the target vehicle according to the optimal control
rate; and

updating the trajectory cost of the target vehicle according to a current state variable and a current control variable
of the target vehicle, and reversely recalculating the optimal control rate until a set iteration end condition is satisfied,
to obtain the target travelling trajectory.

[0104] In the specific implementation process, a single execution process of the iLQR is described in FIG. 5. Given
the reference trajectories §<0, -+, and §<T at the current moment, the iLQR first performs a reverse transfer process. Starting
from §<T, by optimizing the object function J(x, u), that is, the foregoing trajectory cost function ¢, the optimal control rate
of each step from a moment T-1 to a moment 0 is calculated. Then a forward transfer process is performed, and starting
from the initial state §<0, the optimal control rate obtained by using the reverse process is gradually iterated forward to a
moment T, so as to obtain the optimized trajectories §<0, -+, and Xg.

[0105] The foregoing process is repeated continuously, the optimized trajectory is used as a new reference trajectory,
and a plurality of LQR iterations are performed until the final optimized trajectory is obtained.

[0106] The implementation process of the vehicle trajectory planning method based on the iLQR provided in this
embodiment of the present disclosure is described below by using a specific example. FIG. 6 shows a schematic flowchart
of a vehicle trajectory planning method. As shown in FIG. 6, the vehicle trajectory planning method provided in this
embodiment of the present disclosure includes:

acquiring an initial reference trajectory of a target vehicle within a target planning duration, and a reference lane
trajectory, the initial reference trajectory including an initial state variable and an initial control variable of the target
vehicle at each step within the target planning duration.

calculating a trajectory cost J(x, u) of the target vehicle according to a geometric constraint and a dynamics constraint
by using the reference lane trajectory and the initial state variable and the initial control variable of the target vehicle,
the geometric constraint including a position constraint, a vehicle speed constraint, and a yaw angle constraint, and
the dynamics constraint including an energy loss, an acceleration constraint, and an angular speed constraint;
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determining, according to the trajectory cost of the target vehicle, whether a convergence condition is satisfied, if
so, outputting a target travelling trajectory, and if not, performing the reverse process and calculating an optimal
control rate at each step from a moment T-1 to a moment 0 by using the trajectory cost, that is, an objective function
J(x, u);

performing a forward transfer process, performing a forward process from an initial state, and gradually iterating
forward, to a moment T, the optimal control rate obtained by using the reverse process, so as to obtain an optimized
new trajectory; and

determining whether an iteration number has been reached or whether the object function J(x, u) converges, if so,
outputting the target travelling trajectory, if not, using the optimized new trajectory as a reference trajectory, and
repeatedly performing the reverse process to calculate the control rate.

[0107] The following describes apparatus embodiments of the present disclosure. For details not described in the
apparatus embodiments, refer to the foregoing method embodiments that are in a one-to-one correspondence with the
apparatus embodiments.

[0108] FIG. 7 shows a structural block diagram of a vehicle trajectory planning apparatus according to an embodiment
of the present disclosure. The vehicle trajectory planning apparatus is implemented by hardware or a combination of
software and hardware to become all or a part of the onboard terminal device in FIG. 1. The apparatus includes:

an acquisition unit 701, configured to acquire an initial reference trajectory of a target vehicle within a target planning
duration, the initial reference trajectory including an initial state variable and an initial control variable of the target
vehicle at at least one position point within the target planning duration;

the acquisition unit 701 being further configured to acquire a reference lane trajectory;

a cost unit 702, configured to determine a trajectory cost of the target vehicle according to a geometric constraint
and a dynamics constraint by using the reference lane trajectory and the initial state variable and the initial control
variable of the target vehicle at the at least one position point, the dynamics constraint including at least one of an
energy loss, an acceleration constraint, or an angular speed constraint; and

an adjustment unit 703, configured to adjust the initial reference trajectory of the target vehicle to a target travelling
trajectory according to the trajectory cost of the target vehicle.

[0109] In some embodiments, the cost unit 702 is configured to:

determine a geometric cost function sub-term of the target vehicle at each position point within the target planning
duration according to the reference lane trajectory, the initial state variable of the target vehicle, and the geometric
constraint; determine a dynamics cost function sub-term of the target vehicle at the position point according to the
initial state variable, the initial control variable, and the dynamics constraint of the target vehicle; and

determine the trajectory cost of the target vehicle within the target planning duration according to at least one of the
geometric cost function sub-term of each position point or the dynamics cost function sub-term of each position
point within the target planning duration.

[0110] In some embodiments, the cost unit 702 is further configured to:

determine a final step error sub-term of the target vehicle within the target planning duration according to a target
state of the target vehicle and an initial state variable of the target vehicle at a last position point within the target
planning duration; and

determine the trajectory cost of the target vehicle within the target planning duration according to the geometric cost
function sub-term of each position point and the dynamics cost function sub-term of each position point within the
target planning duration and the final step error sub-term.

[0111] In some embodiments, the cost function sub-term includes a corresponding cost function weight, the cost

function weight being a time-varying parameter corresponding to a position point within the target planning duration.
[0112] In some embodiments, the cost unit 702 is further configured to:
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determine a vehicle speed cost function sub-term of the target vehicle at the position point according to a target
vehicle speed and a current vehicle speed of the target vehicle;

determine a reference trajectory deviation cost function sub-term of the target vehicle at the position point according
to a current state variable of the target vehicle and a state variable on a reference trajectory ata current moment; and

determine a reference lane deviation cost function sub-term of the target vehicle at the position point according to
the reference lane trajectory and current position coordinates of the target vehicle.

[0113] In some embodiments, the cost unit 702 is further configured to:

calculate a difference between the target vehicle speed and the current vehicle speed; and

calculate the vehicle speed cost function sub-term of the target vehicle at the position point by using a vehicle speed
cost function weight and the difference between the target vehicle speed and the current vehicle speed;

calculate a difference between the current state variable of the target vehicle and the state variable on the reference
trajectory at the current moment;

calculate a reference trajectory deviation cost function sub-term of the target vehicle at the position point by using
a reference trajectory deviation cost function weight and the difference between the current state variable of the
target vehicle and the state variable on the reference trajectory at the current moment;

determine reference position coordinates of the target vehicle, a reference position of the target vehicle being a
position on the reference lane trajectory corresponding to a current position of the target vehicle; and

calculate the reference lane deviation cost function sub-term of the target vehicle at the position point by using a
reference lane deviation cost function weight and the current position coordinates and the reference position coor-
dinates of the target vehicle.

[0114] In some embodiments, the cost unit 702 is further configured to:

determine an energy loss cost function sub-term of the target vehicle at the position point according to a current
control variable of the target vehicle;

determine an acceleration costfunction sub-term of the target vehicle at the position point according to an acceleration
constraint and a current acceleration of the target vehicle; and

determine an angular speed cost function sub-term of the target vehicle at the position point according to an angular
speed constraint and a current angular speed of the target vehicle.

[0115] In some embodiments, the current control variable of the target vehicle includes the current acceleration and
the current angular speed of the target vehicle.
[0116] The cost unit 702 is further configured to:
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calculate the energy loss cost function sub-term of the target vehicle at the position point by using an energy loss
cost function weight and the current acceleration and the current angular speed of the target vehicle;

determine a maximum acceleration and a minimum acceleration; and

determine the acceleration cost function sub-term of the target vehicle at the position point according to a difference
between the maximum acceleration and the current acceleration of the target vehicle, a difference between the
current acceleration of the target vehicle and the minimum acceleration, and the acceleration constraint;

determine a maximum angular speed and a minimum angular speed according to a road adhesion coefficient; and

determine the angular speed cost function sub-term of the target vehicle at the position point according to a difference
between the maximum angular speed and the current angular speed of the target vehicle, a difference between the
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current angular speed of the target vehicle and the minimum angular speed, and the angular speed constraint.
[0117] In some embodiments, the adjustment unit 703 is further configured to:

reversely calculate an optimal control rate of each step from a last step to a first step of the target planning duration
according to the trajectory cost;

successively adjust the state variable and the control variable of the target vehicle from the first step to the last step
of the target planning duration according to the optimal control rate;

reversely calculate an optimal control rate of each step from a last step to a first step of the target planning duration
according to the trajectory cost;

successively adjust the state variable and the control variable of the target vehicle from the first step to the last step
of the target planning duration according to the optimal control rate; and

update the trajectory cost of the target vehicle according to a current state variable and a current control variable
of the target vehicle, and reversely recalculate the optimal control rate until a set iteration end condition is satisfied,
to obtain the target travelling trajectory.

[0118] Corresponding to the foregoing method embodiment, an embodiment of the present disclosure further provides
an electronic device. The electronic device may be a terminal device, such as an onboard terminal device shown in FIG.
1, or may be an electronic device such as a smart phone, a tablet computer, a portable computer, or a computer. The
electronic device includes at least a memory configured to store data and a processor configured to process the data.
For the processor configured to process the data, the processing may be implemented by using a microprocessor, a
CPU, a graphics processing unit (GPU), a DSP, or an FPGA. For the memory, an operation instruction is stored in the
memory. The operation instruction may be a computer executable code, and each step in the flow of the vehicle trajectory
planning method in this embodiment of the present disclosure is implemented through the operation instruction.
[0119] FIG. 8 is a schematic structural diagram of an electronic device according to an embodiment of the present
disclosure. As shownin FIG. 8, the electronic device 80 in this embodiment of the present disclosure includes a processor
81, a display 82, a memory 83, an input device 86, a bus 85, and a communication device 84. The processor 81, the
memory 83, the input device 86, the display 82, and the communication device 84 are all connected by the bus 85. The
bus 85 is configured to transmit data among the processor 81, the memory 83, the display 82, the communication device
84, and the input device 86.

[0120] The memory 83 may be configured to store a software program and module, such as a program instruction/mod-
ule corresponding to the vehicle trajectory planning method in the embodiments of the present disclosure. The processor
81 runs the software program and module stored in the memory 83, so as to execute various function applications and
data processing of the electronic device 80, such as the vehicle trajectory planning method provided in the embodiments
of the present disclosure. The memory 83 may mainly include a program storage area and a data storage area. The
program storage area may store an operating system, an application program required by at least one application, or
the like. The data storage area may store data (for example, an animation clip, and a control policy network) and the
like created according to use of the electronic device 80. In addition, the memory 83 may include a high speed RAM,
and may further include a non-volatile memory, such as at least one magnetic disk storage device, a flash memory, or
another volatile solid storage device.

[0121] The processor 81 is a control center of the electronic device 80, and connects to various parts of the electronic
device 80 by using the bus 85 and various interfaces and lines. By running or executing the software program and/or
the module stored in the memory 83, and invoking data stored in the memory 83, the processor 80 performs various
functions and data processing of the electronic device 80. In some embodiments, the processor 81 may include one or
more processing units, such as a CPU, a GPU, a digital processing unit, and the like.

[0122] In this embodiment of the present disclosure, the processor 81 displays a generated animation clip to a user
through the display 82.

[0123] The processor 81 may further be connected to the network through the communication device 84. If the electronic
device is a terminal device, the processor 81 may transmit data with a game server through the communication device
84. If the electronic device is the game server, the processor 81 may transmit data with the terminal device through the
communication device 84.

[0124] The input device 86 is mainly configured to obtain an input operation of the user. The input device 86 varies
with the electronic device. For example, when the electronic device is a computer, the input device 86 may be an input
device such as a mouse, a keyboard, or the like, and when the electronic device is a portable device such as a smart
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phone or a tablet computer, the input device 86 may be a touch screen.

[0125] An embodiment of the present disclosure further provides a computer storage medium, storing computer ex-
ecutable instructions, the computer executable instructions being used for implementing the vehicle trajectory planning
method in any embodiment of the present disclosure.

[0126] Insome possibleimplementations, each aspect of the vehicle trajectory planning method provided in the present
disclosure may be further implemented in a form of a program product including program code. When the program
product is run on a computer device, the program code is used to enable the computer device to perform steps of the
vehicle trajectory planning method according to the various exemplary implementations of the present disclosure de-
scribed above in the specification. For example, the computer device can execute an animation generation process in
steps S301 to S306 as shown in FIG. 3.

[0127] The program product may use any combination of one or more readable media. The readable medium may
be a readable signal medium or a readable storage medium. The readable storage medium may be, for example but
not limited to, an electrical, magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, or device,
or any combination thereof. More specific examples (a non-exhaustive list) of the readable storage medium include: an
electrical connection with one or more wires, a portable disk, a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only memory (EPROM or a flash memory), an optical fiber, a portable
compact disk read-only memory (CD-ROM), an optical storage device, a magnetic storage device, or any appropriate
combination thereof.

[0128] The readable signal medium may include a data signal propagated in a baseband or as part of a carrier, and
stores computer-readable program code. The propagated data signal may be in a plurality of forms, including but not
limited to, an electromagnetic signal, an optical signal, or any appropriate combination thereof. The readable signal
medium may alternatively be any readable medium other than the readable storage medium. The readable medium
may be configured to transmit, propagate, or transmit a program configured to be used by or in combination with an
instruction execution system, apparatus, or device.

[0129] In the several embodiments provided in the present disclosure, it is to be understood that the disclosed device
and method may be implemented in other manners. The described device embodiment is merely an example. For
example, the unit division is merely logical function division and may be other division during actual implementation. For
example, a plurality of units or components may be combined, or integrated into another system, or some features may
be omitted or not performed. In addition, the displayed or discussed mutual couplings or direct couplings or communication
connections between the components may be implemented through some interfaces, indirect couplings or communication
connections between the devices or units, or electrical connections, mechanical connections, or connections in other
forms.

[0130] The units described as separate parts may or may not be physically separate, and parts displayed as units
may or may not be physical units, may be located in one position, or may be distributed on a plurality of network units.
Some or all of the units may be selected according to actual needs to achieve the objectives of the solutions of the
embodiments.

[0131] In addition, functional units in the embodiments of the present disclosure may be integrated into one processing
unit, or each of the units may comprise alone physically, or two or more units are integrated into one unit. The integrated
unit may be implemented in a form of hardware, or may be implemented in a form of hardware in addition to a software
functional unit.

[0132] The foregoing descriptions are merely a specific implementation of the present disclosure, but are not intended
to limit the protection scope of the present disclosure. Any variation or replacement readily figured out by a person skilled
in the art within the technical scope disclosed in the present disclosure shall fall within the protection scope of the present
disclosure.

Claims
1. A vehicle trajectory planning method, performed by an onboard terminal device, the method comprising:

acquiring an initial reference trajectory of a target vehicle within a target planning duration, the initial reference
trajectory comprising an initial state variable and an initial control variable of the target vehicle at at least one
position point within the target planning duration;

acquiring a reference lane trajectory;

determining a trajectory cost of the target vehicle according to a geometric constraint and a dynamics constraint
for the target vehicle by using the initial state variable and the initial control variable of the target vehicle at the
at least one position point and the reference lane trajectory, the dynamics constraint comprising at least one of
an energy loss, an acceleration constraint, or an angular speed constraint; and
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controllingthe initial reference trajectory of the target vehicle to a target travelling trajectory according to the
trajectory cost of the target vehicle.

2. The method according to claim 1, wherein the determining a trajectory cost of the target vehicle according to a
geometric constraint and a dynamics constraint for the target vehicle by using the initial state variable and the initial
control variable of the target vehicle and the reference lane trajectory comprises:

for one position point in the target planning duration: determining a geometric cost function sub-term of the
target vehicle at the position point within according to the reference lane trajectory, the initial state variable of
the target vehicle, and the geometric constraint; determining a dynamics cost function sub-term of the target
vehicle at the position point according to the initial state variable and the initial control variable of the target
vehicle and the dynamics constraint; and

determining the trajectory cost of the target vehicle within the target planning duration according to at least one
of the geometric cost function sub-term of each position point or the dynamics cost function sub-terms of the
position point within the target planning duration.

3. The method according to claim 2, wherein the determining the trajectory cost of the target vehicle within the target
planning duration according to at least one of the geometric cost function sub-term of position points or the dynamics
cost function sub-term of the position point within the target planning duration further comprises:

determining a final step error sub-term of the target vehicle within the target planning duration according to a
target state of the target vehicle and an initial state variable of the target vehicle at a last position point within
the target planning duration; and

determining the trajectory cost of the target vehicle within the target planning duration according to the geometric
cost function sub-terms of the position point and the dynamics cost function sub-terms of the position point
within the target planning duration and the final step error sub-term.

4. The method according to claim 2, wherein the determining the geometric cost function sub-term of the target vehicle
at the position point according to the reference lane trajectory, the initial state variable of the target vehicle, and the
geometric constraint comprises:

determining a vehicle speed cost function sub-term of the target vehicle at the position point according to a
target vehicle speed and a current vehicle speed of the target vehicle;

determining a reference trajectory deviation cost function sub-term of the target vehicle at the position point
according to a current state variable of the target vehicle and a state variable on a reference trajectory at a
current moment; and

determining a reference lane deviation cost function sub-term of the target vehicle at the position point according
to the reference lane trajectory and current position coordinates of the target vehicle.

5. The method according to claim 4, wherein the determining a vehicle speed cost function sub-term of the target
vehicle at the position point according to a target vehicle speed and a current vehicle speed of the target vehicle
comprises:

calculating a difference between the target vehicle speed and the current vehicle speed; and

calculating the vehicle speed cost function sub-term of the target vehicle at the position point by using a vehicle
speed cost function weight and the difference between the target vehicle speed and the current vehicle speed;
the determining a reference trajectory deviation cost function sub-term of the target vehicle at the position point
according to a current state variable of the target vehicle and a state variable on a reference trajectory at a
current moment comprises:

calculating a difference between the current state variable of the target vehicle and the state variable on
the reference trajectory at the current moment; and

calculating a reference trajectory deviation cost function sub-term of the target vehicle at the position point
by using a reference trajectory deviation cost function weight and the difference between the current state
variable of the target vehicle and the state variable on the reference trajectory at the current moment; and

the determining a reference lane deviation cost function sub-term of the target vehicle at the position point
according to the reference lane trajectory and current position coordinates of the target vehicle comprises:
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determining reference position coordinates of the target vehicle, a reference position of the target vehicle
being a position on the reference lane trajectory corresponding to a current position of the target vehicle; and
calculating the reference lane deviation cost function sub-term of the target vehicle at the position point by
using a reference lane deviation cost function weight and the current position coordinates and the reference
position coordinates of the target vehicle.

6. The method according to claim 2, wherein the determining the dynamics cost function sub-term of the target vehicle
at the position point according to the initial state variable and the initial control variable of the target vehicle and the
dynamics constraint comprises:

determining an energy loss cost function sub-term of the target vehicle at the position point according to a
current control variable of the target vehicle;

determining an acceleration cost function sub-term of the target vehicle at the position point according to an
acceleration constraint and a current acceleration of the target vehicle; and

determining an angular speed cost function sub-term of the target vehicle at the position point according to an
angular speed constraint and a current angular speed of the target vehicle.

7. The method according to claim 6, wherein the current control variable of the target vehicle comprises the current
acceleration and the current angular speed of the target vehicle; and

the determining an energy loss cost function sub-term of the target vehicle at the position point according to a
current control variable of the target vehicle comprises:

calculating the energy loss cost function sub-term of the target vehicle at the position point by using an
energy loss cost function weight and the current acceleration and the current angular speed of the target
vehicle;

the determining an acceleration cost function sub-term of the target vehicle at the position point according
to an acceleration constraint and a current acceleration of the target vehicle comprises:

determining a maximum acceleration and a minimum acceleration;

determining the acceleration cost function sub-term of the target vehicle at the position point according to
a difference between the maximum acceleration and the current acceleration of the target vehicle, a differ-
ence between the current acceleration of the target vehicle and the minimum acceleration, and the accel-
eration constraint; and

the determining an angular speed cost function sub-term of the target vehicle at the position point according to
an angular speed constraint and a current angular speed of the target vehicle comprises:

determining a maximum angular speed and a minimum angular speed according to a road adhesion coef-
ficient; and

determining the angular speed cost function sub-term of the target vehicle at the position point according
to a difference between the maximum angular speed and the current angular speed of the target vehicle,
a difference between the current angular speed of the target vehicle and the minimum angular speed, and
the angular speed constraint.

8. The method according to any one of claims 2 to 7, wherein the cost function sub-term comprises a corresponding
cost function weight, the cost function weight being a time-varying parameter corresponding to the position point
within the target planning duration.

9. The method according to claim 1, wherein the adjusting the initial reference trajectory of the target vehicle to a target
travelling trajectory according to the trajectory cost of the target vehicle comprises:

reversely calculating an optimal control rate of each position point starting from a last position point within the
target planning duration according to the trajectory cost;

successively adjusting a state variable and a control variable of the target vehicle according to the optimal
control rate; and

updating the trajectory cost of the target vehicle according to a current state variable and a current control
variable of the target vehicle, and reversely recalculating the optimal control rate until a set iteration end condition
is satisfied, to obtain the target travelling trajectory.
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10. A vehicle trajectory planning apparatus, comprising:

an acquisition unit, configured to acquire an initial reference trajectory of a target vehicle within a target planning
duration, the initial reference trajectory comprising an initial state variable and an initial control variable of the
target vehicle at at least one position point within the target planning duration,

the acquisition unit being further configured to acquire a reference lane trajectory;

a cost unit, configured to determine a trajectory cost of the target vehicle according to a geometric constraint
and a dynamics constraint for the target vehicle by using the initial state variable and the initial control variable
of the target vehicle at the at least one position point and the reference lane trajectory, the dynamics constraint
comprising at least one of an energy loss, an acceleration constraint, or an angular speed constraint; and

an adjustment unit, configured to control the initial reference trajectory of the target vehicle to a target travelling
trajectory according to the trajectory cost of the target vehicle.

11. The vehicle trajectory planning apparatus according to claim 10, wherein the cost unit is configured to:

for one position point in the target planning duration: determine a geometric cost function sub-term of the target
vehicle at the position point within according to the reference lane trajectory, the initial state variable of the
target vehicle, and the geometric constraint; determine a dynamics cost function sub-term of the target vehicle
at the position point according to the initial state variable and the initial control variable of the target vehicle and
the dynamics constraint; and

determine the trajectory cost of the target vehicle within the target planning duration according to at least one
of the geometric cost function sub-term of each position point or the dynamics cost function sub-terms of the
position point within the target planning duration.

12. The vehicle trajectory planning apparatus according to claim 11, wherein the cost unit is further configured to:

determine a final step error sub-term of the target vehicle within the target planning duration according to a
target state of the target vehicle and an initial state variable of the target vehicle at a last position point within
the target planning duration; and

determine the trajectory cost of the target vehicle within the target planning duration according to the geometric
cost function sub-terms of the position point and the dynamics cost function sub-terms of the position point
within the target planning duration and the final step error sub-term.

13. The vehicle trajectory planning apparatus according to claim 11, wherein the cost unit is further configured to:

determine a vehicle speed cost function sub-term of the target vehicle at the position point according to a target
vehicle speed and a current vehicle speed of the target vehicle;

determine a reference trajectory deviation cost function sub-term of the target vehicle at the position point
according to a current state variable of the target vehicle and a state variable on a reference trajectory at a
current moment; and

determine a reference lane deviation cost function sub-term of the target vehicle at the position point according
to the reference lane trajectory and current position coordinates of the target vehicle.

14. The vehicle trajectory planning apparatus according to claim 13, wherein the cost unit is further configured to:

calculate a difference between the target vehicle speed and the current vehicle speed; and

calculate the vehicle speed cost function sub-term of the target vehicle at the position point by using a vehicle
speed cost function weight and the difference between the target vehicle speed and the current vehicle speed;
calculate a difference between the current state variable of the target vehicle and the state variable on the
reference trajectory at the current moment; and

calculate a reference trajectory deviation cost function sub-term of the target vehicle at the position point by
using a reference trajectory deviation cost function weight and the difference between the current state variable
of the target vehicle and the state variable on the reference trajectory at the current moment;

determine reference position coordinates of the target vehicle, a reference position of the target vehicle being
a position on the reference lane trajectory corresponding to a current position of the target vehicle; and
calculate the reference lane deviation cost function sub-term of the target vehicle at the position point by using
a reference lane deviation cost function weight and the current position coordinates and the reference position
coordinates of the target vehicle.
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The vehicle trajectory planning apparatus according to claim 11, wherein the cost unit is further configured to:

determine an energy loss cost function sub-term of the target vehicle at the position point according to a current
control variable of the target vehicle;

determine an acceleration cost function sub-term of the target vehicle at the position point according to an
acceleration constraint and a current acceleration of the target vehicle; and

determine an angular speed cost function sub-term of the target vehicle at the position point according to an
angular speed constraint and a current angular speed of the target vehicle.

The vehicle trajectory planning apparatus according to claim 15, wherein the current control variable of the target
vehicle comprises a current acceleration and a current angular speed of the target vehicle; and
the cost unit is further configured to:

calculate the energy loss cost function sub-term of the target vehicle at the position point by using an energy
loss cost function weight and the current acceleration and the current angular speed of the target vehicle;
determine a maximum acceleration and a minimum acceleration;

determine the acceleration cost function sub-term of the target vehicle at the position point according to a
difference between the maximum acceleration and the current acceleration of the target vehicle, a difference
between the current acceleration of the target vehicle and the minimum acceleration, and the acceleration
constraint;

determine a maximum angular speed and a minimum angular speed according to a road adhesion coefficient; and
determine the angular speed cost function sub-term of the target vehicle at the position point according to a
difference between the maximum angular speed and the current angular speed of the target vehicle, a difference
between the current angular speed of the target vehicle and the minimum angular speed, and the angular speed
constraint.

The vehicle trajectory planning apparatus according to any one of claims 11 to 16, wherein the cost function sub-
term comprises a corresponding cost function weight, the cost function weight being a time-varying parameter
corresponding to the position point within the target planning duration.

A computer-readable storage medium, storing a computer program, the computer program, when executed by a
processor, implementing the method according to any one of claims 1 to 9.

An electronic device, comprising a memory and a processor, the memory storing a computer program executable
on the processor, the computer program, when executed by the processor, causing the processor to implement the
method according to any one of claims 1 to 9.

A computerprogram product, comprising computerinstructions, the computer instructions being stored in a computer-
readable storage medium, a processor of a computer device reading the computer instructions from the computer-
readable storage medium, and executing the computer instructions to cause the computer device to implement the
method according to any one of claims 1 to 9.
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